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SUMMARY Data from ambulatory electrocardiographic recording in 35 highly trained endurance athletes and in 35 non-athletic controls of similar ages are given. The minimal, mean hourly, and maximal heart rates were significantly lower in the athletes. Thirteen athletes (37.1%) but only two controls (5.7%) had sinus pauses exceeding 2.0 seconds. First degree atrioventricular block was observed in 13 athletes (37.1%) and five controls (14.3%) , second degree Wenckebach type block in eight athletes (22.9% ) and two controls (5.7%h), and second degree block with Mobitz II-like pattern in three athletes (8.6% ) and no control. All athletes with Mobitz II-type pattern also had first degree and Wenckebach-type second degree atrioventricular block. The behaviour of sinus rate on development of atrioventricular block varied, not only interindividually but also intraindividually, from absence of change to an increase or decrease in most subjects in both study groups. A decrease in sinus rate on appearance of atrioventricular block was found constantly in only two athletes and one control.,Atrioventricular dissociation with junctional rhythm occurred in seven athletes (20%) and with ventricular rhythm in one athlete. Neither of these phenomena was seen in the group of controls. The athletes had slightly fewer ventricular extrasystoles than controls, and no athlete had ventricular tachycardia, whereas two controls had ventricular tachycardia.
The spectrum of changes in conventional resting electrocardiograms in athletes is wide, and relatively well documented. '-14 Knowledge concerning variations in rhythm and conduction and the incidence of ventricular extrasystoles in athletes, however, is still deficient. Because The controls were medical students and army conscripts. The criteria for acceptance were the same as those listed above, with the following exceptions: no regular intensive physical training; normal 12 lead electrocardiogram and chest x-ray.
AMBULATORY ELECTROCARDIOGRAM
The recordings were performed using a two-channel electrocardiographic tape recorder (Model 445, Avionics). The exploring electrodes were placed on the lower end of the sternum and on the fifth rib at the left anterior axillary line. Recordings were started at 4.00 pm and concluded at 8.00 am. The subjects were directed to go to bed around 10.00 pm and rise around 6.00 am. Activities during recording were not restricted, except that physical training was not allowed. Consumption of alcoholic beverages was forbidden.
Tapes were analysed using a commercial analyser (Electrocardioscanner Model 660, Avionics). All 
Results
HEART RATE Mean hourly heart rates for both groups studied are shown in Fig. 1 . The lowest nocturnal heart rate, calculated using the six slowest consecutive sinus beats, was 37X7±4-3 (mean ± SD) beats/min (range 24 to 48) for athletes and 45*4+6*3 beats/min (range 33 to 63) for controls (p<0-001). The maximal heart rate when awake, calculated analogously, was 124*5±+17-3 beats/min (range 100 to 164) for athletes and 137-3± 18*5 beats/min (range 87 to 168) for controls (p<001).
SINUS PAUSES
Thirteen athletes (37-1%) and two controls (5.7%) had PP intervals exceeding 2-00 s in sinus rhythm without second degree atrioventricular block (p<0-01). The longest PP interval among athletes was 2-76 s and among controls 2-60 s. All sinus pauses exceeding 2.00 s occurred between 10 pm and 6 am.
ATRIOVENTRICULAR CONDUCTION
First degree atrioventricular block (PR interval>0-22 s) was detected in 13 athletes (37. 1%) and five controls (14.3%) (p<0.05) ( Table 1 stantly for at least an hour. In all the other subjects prolongations lasted for only a few seconds or minutes. Among athletes, there was first degree atrioventricular block during sleep in six cases, during sleep and while awake in four cases, and while awake in three cases. Among controls, atrioventricular block occurred only during sleep. More than one short period of first degree atrioventricular block was found in 11 of the 13 athletes concerned and in all controls. Heart rate at the time of block, calculated from the PP interval preceding appearance of block, varied from 29 to 103 beats/min in athletes and from 33 to 83 beats/min in controls. In all subjects, the PR interval returned to less than 0*20 s with increase in heart rate.
Second degree Wenckebach-type atrioventricular block, defined as gradual prolongation of the PR interval terminating in a nonconducted P wave and a dropped ventricular beat (Fig. 3) , was found in eight athletes (22X90/%) and two controls (5X7%) (p<0.05) ( Table 1 Viitasalo, Kala, Eisalo followed by the same or a slightly shorter PR interval (Fig. 4) , was found in three athletes (8.6%) but no controls (Table 1) . In one athlete, block was found several times when awake and when asleep, in another several times only while awake, and in a third twice during sleep. The level of heart rate at the time of the occurrence of block varied from 48 to 93 beats per minute.
As shown in Table 2 , the changes in sinus rate at the time of the appearance of atrioventricular block, calculated from the last PP interval before block and the first PP interval during block, varied from none to an increase (Fig. 2) Table 3 shows ventricular extrasystoles classified according to Jelinek et al. 26 The ventricular tachycardias observed in two controls consisted of three and seven beats. One (no. 12) had no additional ventricular extrasystoles. The other (no. 14) had one single ventricular extrasystole in addition to tachycardia. Two controls (nos. 18 and 25) but no athlete had frequent ventricular extrasystoles (on average five an hour). Of the two controls, the first had only unifocal single ventricular extrasystoles and the second had unifocal extrasystoles, both single and in the form of bigeminy. The few ventricular extrasystoles observed in athletes occurred at random throughout the period of recording. Resting bradycardia in athletes has been attributed both to a relative increase in parasympathetic dominance on pacemaker frequency27 28 and also to independent slowing of the intrinsic rate of the pacemaker.29 Despite the significantly lower mean hourly heart rate throughout the period of recording in this study, the pattern of circadian variation in athletes was similar to that in controls. Attainment of minimal heart rates relatively early during the night may reflect overall lower sympathetic tone in athletes. Sinus pauses exceeding two seconds without second degree atrioventricular block are relatively rare in healthy individuals. They have been seen during ambulatory electrocardiographic recording in two of 50 healthy medical studentsl6 and in two of 259 healthy subjects aged 40 to 79 years. 30 In the present study they were seen in two of 35 nonathlete controls. In endurance athletes, the incidence of sinus pauses greater than two seconds is significantly greater than in controls. In a group of 20 athletes, the mean of the longest sinus pauses during ambulatory electrocardiographic recording has been found to be two seconds (range 160 to 2.80 S).21 In the present study, 13 of 35 athletes (37-1%) had sinus pauses greater than two seconds. Though the exact mechanisms predisposing to long sinus pauses in athletes remain unclear, they are probably related to factors responsible for sinus bradycardia.
Sinus bradycardia is obviously also the factor making it possible for atrioventricular dissociation with junctional or ventricular rhythm to occur in athletes. Though atrioventricular dissociation with junctional rhythm was not seen in any control in the present study, it cannot, however, be regarded solely as a peculiarity of the athletic heart, because in a population of 122 043 healthy air force personnel, its incidence has been reported to be 0-7/1000.31 Though the intrinsic pacemaker rate of the atrioventricular node in healthy subjects is usually between 40 and 60 beats a minute,25 32 
